Abstract
Introduction
[23].
Feeding nutrient in the culture broth is a usual strategy for enhancement of the target 81 compounds during fermentation, especially nitrogen source. Moreover, Zhang et al. found the 82 optimization of nitrogen sources significantly influences CHA biosynthesis. Although the 83 concentration of nitrogen source was optimized in the previous work [24] , the CHA 84 production was still low and this problem urgently requires solving.
85
In the present work, the supplement effect of different nitrogen sources in the broth was 86 first investigated. Then, the optimal concentration and time of feeding ammonium acetate 87 were determined in the shake flask. Metabolic parameters (dry cell weight (DCW), residual 88 sugar, CHA production and the activity of DAHP synthase) and transcript levels of critical 89 genes (laeA, dahp, cs, and trpC) were detected with the optimal fermentation condition.
90
Furthermore, the different feeding rate of ammonium acetate was studied in a 5-L bioreactor.
91
The results of this work are valuable for enhancing the production of a target compound by 92 feeding nutrient in submerged fermentation. The CHA producing by A. fumigatus CY018 utilized in this work was kindly provided 97 by Nanjing University (Nanjing, China). Mycelia were first cultured on potato dextrose agar 
Fermentation conditions

101
A 1.0 cm 2 agar tablet was cut from cultivated PDA and transferred to a 500 mL shake
102
A C C E P T E D flask containing 200 mL potato dextrose broth (PDB). After inoculation, the flask was was quoted by the published articles [16] . After the reaction was end, the final solution was determined by measuring the decrease of PEP with spectrophotometer at 549 nm. The research of feeding flow rate with ammonium acetate was worthy in the bioreactor.
139
The feeding flow rates of ammonium acetate (0.01 g/L/h, 0.03 g/L/h and non-treatment) on [24]. However, the production of CHA was also at a low level. Therefore, we fed the 161 supernumerary nitrogen source for enhancement of CHA production. The effects of feeding 5 162 and 10 mM three different nitrogen sources (ammonium sulfate, ammonium chloride, and 163 ammonium acetate) were investigated. As shown in Table 2 , the production of CHA was 31.6 164 ± 3.1 and 25.4 ± 1.6 mg/L with 5 and 10 mM ammonium sulfate, respectively. This indicated 165 that CHA production was decreased with an increasing content of ammonium sulfate, which 166 implied that effect of ammonium sulfate addition was not significant on CHA production.
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167
The production of CHA (32.5 ± 1.6 and 34.5 ± 3.2 mg/L) was slightly increased with 5
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and 10 mM ammonium chloride. The highest production of CHA was 42.5 mg/L with the addition of 10 mM ammonium acetate in the selection experiments, which production was 170 45.3% higher than the non-treatment group. Therefore, the addition of ammonium acetate 171 played a significantly promoting role in CHA production, suggesting that feeding ammonium 172 acetate might be an effective strategy for enhancement of CHA production. 
Concentration-and time-effects of ammonium acetate addition on CHA production
174
Because feeding ammonium acetate was beneficial for increasing CHA production by A.
175
fumigatus CY018, the optimal concentration and time of ammonium acetate supplement were in the CHA production decreasing to 41.9 mg/L, indicated that a high content of ammonium 183 acetate had a negative effect on CHA biosynthesis. Therefore, the optimized concentration of 184 ammonium acetate supplement for enhancing CHA production was 50 mM.
185
The feeding time of ammonium acetate also played an important role in CHA 186 biosynthesis. The determinate ammonium acetate (50 mM) was added at different time of the 187 fermentation (72, 120, 168, 216, 264 and 312 h) in the shake flasks (Fig. 2B) . The production 188 of CHA was first increased then decreased with feeding time, which reached a maximum 189 (62.0 mg/L) at 120 h. The promoting effect of ammonium acetate supplement on CHA
190
A C C E P T E D production at early times might be related to the beneficial effects of nutrient addition on fungal growth and product synthesis [28] . Overall, the optimal condition of ammonium 192 acetate supplement for CHA biosynthesis was feeding 50 mM ammonium acetate at 120 h 193 after inoculation. Hence, the supplement of ammonium acetate was an effective strategy for 194 improving CHA production (Fig. 3) . 
Effects of the feeding strategy on metabolic parameters 196
The strategy of feeding ammonium acetate (50 mM at 120 h) was confirmed to have a 197 significant positive role in CHA biosynthesis. Thus, metabolic parameters (DCW, residual 198 sugar, CHA production, and DAHP synthase activity) were further investigated during the 199 fermentation process in shake flask.
200
As shown in Fig. 4A , the trends of DCW in the feeding ammonium acetate and respectively.
205
The consumption tendency of residual sugar continued to decline in both groups, while 206 residual sugar was consumed quickly after feeding ammonium acetate (Fig. 4B ). As shown in production with the addition of ammonium acetate was 1.9 folds higher than that in 209 non-treatment (33.7 mg/L). Moreover, the yield of CHA with ammonium acetate addition was 210 higher than non-treatment group in supplemental data 1, which meant the increasing CHA 211 production appeared to be in the growth-dependent manner.
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In previous research, we speculated and verified that the biosynthesis of CHA was 213 through the shikimate pathway, and that DAHP synthase was a key enzyme in the process.
214
Thus, the activity of DAHP synthase was investigated with ammonium acetate supplement at 215 different taken points of the fermentation process (Fig. 4D) 
Gene expression in response to ammonium acetate addition
226
The feeding strategy we used was benefited for cell growth and DAHP synthase activity 227 to enhance CHA production. We next researched the mRNA transcript levels of laeA, dahp, cs 228 and trpC using qRT-PCR to explore the mechanism of this effective strategy. The 229 transcriptional levels of these key genes with supplement of ammonium acetate were taken 230 samples at 48, 144, 240 and 336 h during the fermentation.
231
As shown in Fig. 5A , feeding ammonium acetate significantly increased the expression 
A C C E P T E D
The trend of trpC expression was similar to the formers (Fig. 5D ). In contrast, the influence 236 of ammonium acetate addition was not significant on mRNA transcript level of cs (1.5-and 237 1.3-folds increases at 144 and 336 h, respectively) (Fig. 5C) 
249
We researched the mRNA transcript levels of important genes/enzymes for revealing the 250 effect of our strategy on CHA production. In the current work, feeding ammonium acetate 251 increased the transcription levels of laeA, dahp and trpC, which were key genes involved in 252 DAHP synthase activity and CHA production. The activity of DAHP synthase was also sugar, CHA production, DCW, and pH were first investigated with the feeding rate of 0.03 (Fig. 6A ).
266
The trend of DO was similar to non-treatment but decline slowly and maintained 0 from pH was beneficial to cell growth and target compound synthesis.
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results in the shake flasks (62.10 mg/L). This indicated that the rate of feeding ammonium 280 acetate needed to be adjusted. A 0.01 g/L/h rate of feeding ammonium acetate was applied in 281 the 5-L bioreactor (Fig. 6B) . DO, residual sugar, and pH were all increased for a short time
282
(96-144 h) after feeding, which were similar to non-treatment. The trend of DCW was greater 283 the 0.03 g/L/h rate. Moreover, CHA production reached 57.9 mg/L, which was more close to 
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